The effects of replacing 50% of cereals-based concentrate with feed blocks (FB) including wastes of tomato fruits (diet ACT), wastes of cucumber fruits (diet ACC), or barley grain (diet ACB) on nutrient use, ruminal fermentation, microbial N fl ow to the duodenum, methane emissions, and abundances of total bacteria and methanogen were studied in goats. Four adult, dry, nonpregnant, rumen-fi stulated Granadina goats (32.1 ± 5.52 kg BW) were used and 4 diets were studied in 4 trials by using a 4 × 4 Latin square experimental design. Diets consisted of alfalfa hay plus concentrate in a 1:1 ratio (AC) or 1:0.5 plus FB including wastes of ACT, ACC, or ACB. In each trial, goats were randomly assigned to 1 of the diets. Intake of each FB including ACT, ACC, and ACB were 203 ± 73, 179 ± 39, and 144 ± 68 g·animal -1 ·d -1 , respectively. The ACT and ACC diets did not (P > 0.05) compromise digestible and metabolizable energy, but reduced N retention by up to 29% (P = 0.03). Cucumber-based FB decreased the purine bases (PB):N ratio (P = 0.02) in total bacterial pellets isolated from the rumen content. Tomato-based FB decreased purine derivatives urinary excretion (P = 0.04) and microbial N fl ow (P = 0.03) without affecting the effi ciency of synthesis but decreased methane emission by 28% (P < 0.001) compared with the other diets. Tomato and cucumber-based FB resulted in greater (P < 0.001) rumen VFA concentration and molar proportions of propionate and butyrate (P ≤ 0.02) than AC and ACB diets. No effect (P = 0.07) of diet on total bacteria abundance was observed whereas the abundance of methanogens increased (P = 0.01) with wastes-based FB. Our study suggests that ACC-based FB could replace one-half of the amount of concentrate in goat diet without compromising rumen fermentation and nutrient and energy use and without increasing methane emissions. Blocks including ACT showed an antimethanogenic effect but reduced microbial N fl ow to the duodenum. Further research is needed to improve both N and energy use of diets including ACT-and ACC-based FB.
INTRODUCTION
In Mediterranean countries ruminant production is limited by poor quality and limited quantity of pastures. As a consequence a high dependence on concentrate feeds based on cereal grains exists. Increased cereal prices (43% from 2008 FAO, 2011) has driven the attention toward local resources (Ben Salem and Znaidi, 2008; Molina-Alcaide et al., 2010) . By-products from agriculture may reduce animal feeding cost and environmental problems associated with wastes accumulation (Vasta et al., 2009) and animal production impact (Scollan et al., 2011) . Methane emission from the enteric fermentation is of concern worldwide due to its potential as greenhouse gas (Wright and Klieve, 2011) . Methane also represents an energy loss of 2 to 12% of the GE supply for the animal (Hook et al., 2010) . In the Mediterranean area, greenhouse culture accounts for 15% of world agriculture production with Spain being the main producer (MARM, 2009) generating large amounts of wastes, mainly tomato and cucumber fruits. Little information exists on the use of tomato fruits in ruminant feeding (Ventura et al., 2009) and data on the use of cucumber fruits are scarce.
The high water content in tomato and cucumber fruits make feed blocks (FB; Ben Salem and Nefzaoui, 2003; Molina-Alcaide et al., 2010) an easy way to include those wastes in goat diets. Secondary compounds in those wastes may add a value by decreasing methanogenesis (Patra and Saxena, 2010) .
Our hypothesis is that tomato and cucumber waste fruits could partially replace cereal-based concentrates in goat diets without compromising ruminal fermentation and microbiota and reducing methane emissions. Therefore, the aim of the present experiment was to study, in nonproductive goats, the effect of replacing 50% of cereal-based concentrates in the diet with FB including wastes of tomato or cucumber fruits on nutrient and energy use, ruminal fermentation and methane emissions, and abundances of total bacteria and methanogens.
MATERIALS AND METHODS
Management of goats and rumen content sampling were performed by trained personnel. Goats were cared for and handled in accordance with the Spanish guidelines for experimental animal protection (Royal Decree 1201/2005 of October 10 on the protection of animals used for experimentation or other scientifi c purposes) in line with the European Convention for the Protection of Vertebrates used for Experimental and other Scientifi c Purposes (European Directive 86/609).
Animals, Wastes, and Diets
Four adult dry nonpregnant rumen-fi stulated Granadina goats (32.1 ± 5.52 kg BW) were used. The animals were placed in individual boxes (1.7 × 1.2 m) and had free access to water.
Tomato and cucumber waste fruits were collected at the Plant of Wastes Treatment in Motril (Granada, Spain), which collects all the wastes from greenhouse horticulture in the Granada coast. Fruits were cut and kept at -20°C before used for FB preparation. Analyses of waste fruits performed in different seasons showed that chemical composition was very stable throughout the year (data not shown). Blocks manufacturing followed the protocol reported by Ben Salem and Nefzaoui (2003) with some modifi cations. For FB manufacturing solid ingredients (barley grain, sunfl ower meal, tomato, cucumber, wheat straw, NaCl urea, and vitamin-mineral mixture) were ground (4 mm) and mixed in a horizontal mixer (P. Prat model C, Sabadell, Spain) with a liquid mixture composed of quicklime solution and beet molasses and then high-pressure packed in cylindroid shape aluminum molds (18 cm diam. and 20 cm height). Compacted blocks were removed from the molds, air dried at room temperature, and stored until distribution to the animals. The amount of FB stored was enough to feed animals at least for a week. The FB weight was about 365 ± 42 g each.
A control diet (AC) was formulated with alfalfa hay (25.6 g/kg BW 0.75 ·d -1 ) plus concentrate (25.6 g/kg BW 0.75 ·d -1 ) in a 1:1 ratio on a fresh matter basis, which represents the diet used in practical conditions for goats feeding in the area. Three experimental diets in which 50% of the concentrate was replaced with FB (Table 1) including wastes of tomato fruits (15.5 g/kg BW 0.75 ·d -1 ; diet ACT; fresh matter basis), cucumber fruits (13.7 g/kg BW 0.75 ·d -1 ; diet ACC; fresh matter basis), or barley (10.6 g/kg BW 0.75 ·d -1 ; diet ACB; fresh matter basis) were used as well.
Compared with concentrate, FB were less in OM, CP, GE, and ether extract but greater in NDF, ADF, and ADL (Table 2) . Crude protein and energy contents were similar for all FB. The FB were rich in fi ber-bound, protein-bound, and total condensed tannins compared with the concentrate. However, free condensed tannin concentrations in wastes-based FB and concentrate were similar. Organic matter and CP content in ACB was less compared with the other diets. Diet ACC had less NDF, ADF, and ADL than AC, ACT, and ACB. Gross energy and ether extract content were least in ACB, the former being greatest in AC. Adenine, guanine, and total purine bases concentration were less in ACC and ACB compared with AC and ACT. Diet ACB showed the greatest fi ber-bound and total condensed tannins concentration. However, free and protein-bound condensed tannins concentration in diets was similar.
Experimental Procedure
Four 39-d experimental periods were performed by using a 4 × 4 Latin square design. Experimental treatments were assigned randomly within each trial, with 4 replications for each diet at the end of the experiment. After 25 d of adaptation to the corresponding experimental diet animals were moved to individual metabolism crates. After 3 d of adaptation to metabolism crates, total feces and urine production were collected for 5 d.
Crates were engineered to effectively separate feces and urine into containers outside the cage. The fl oor of the rear part of the cage had 1.5 cm openings and feces and urine dropped on a device with a funnel-shaped bottom and 2 openings. This device was provided with a screen and had a slope in which feces ran down into a container fi xed to 1 opening. The mesh of the screen was large enough to prevent urine from running the length of the screen and dripping into the feces. Urine was collected through the second opening. The unit was easily disassembled for cleaning. Urine was collected in buckets with 10% HCl (vol/vol) to maintain pH below 3 and avoid any N loss. Aliquots (100 mL) of urine were daily taken for density measurement and analysis of purine derivative (PD) and creatinine concentrations. Aliquots representing 10 and 20% of daily feces and urine production, respectively, were stored at -20°C for chemical analyses. Control diet was supplied to meet the energy requirements for this species and breed (Prieto et al., 1990) . No refusals for alfalfa hay and concentrate were observed for any of the dietary treatments. Feed blocks were supplied ad libitum, resulting in average intakes of 203 ± 73, 179 ± 40 and 144 ± 68 g of fresh matter·animal -1 ·d -1 , respectively, for FB based on tomato, cucumber, and barley. During the sampling period aliquots of hay and concentrate supplied to the animals were collected and stored at -20°C for chemical analyses. Block refusals from each animal were collected daily in the morning and weighed aliquots of block refusals (30%) were also stored at -20°C for chemical analyses. On d 35, rumen content samples (100 mL) were obtained from each animal before feeding and aliquots were taken for quantification of bacterial and archaeal abundances by real-time PCR. The remaining ruman sample was strained through 2 layers of cheesecloth for pH measurement, and ali- quots were taken for NH 3 -N and VFA analysis. On d 36, samples (500 mL) of rumen contents were also obtained from each animal before feeding for isolation of total bacterial (TB) pellets. For TB pellet isolation, rumen contents were strained through 4 layers of cheesecloth. The liquid fraction was kept at 4°C and the solid fraction was resuspended in cold (4°C) NaCl solution (9 g/L) plus methylcellulose 0.1% solution (3 mL/g of solid) and incubated at 38°C for 15 min constantly shaking. Then the solution was subjected to vigorous mechanical pummeling between 2 metal plates (Masticator, IUL Instruments GmbH, Königswinter, Germany) for 5 min to detach bacteria from the feed particles (MichaletDoreau and Ould-Bah, 1992 ) and kept at 4°C for 24 h. The solution was strained through 4 layers of cheesecloth and pool with the liquid fraction. The pool solution was centrifuged (500 × g for 10 min at 4°C and supernatant fraction at 20,000 × g for 30 min at 4°C). The pellet was resuspended with cold (4°C) NaCl solution (9 g/L) and centrifuged again (20,000 × g for 30 min at 4°C). All bacterial pellets were lyophilized and ground to a fi ne powder with a mortar and pestle before analyzed for DM, N, and purine bases (PB). On d 36 animals were moved to a set of 4 open circuit respiration chambers for methane emission measurement and kept until d 39 of each trial. Each chamber measured 1.8 m wide by 1.8 m deep by 1.5 m tall and was constructed of metal frame and polycarbonate (Abecia et al., 2012) . The air temperature in the chamber was maintained between 10 and 20°C. Measurement interruptions occurred daily at 0900 h, when the chamber fl oor was cleaned and the goats received the morning feed. These interruptions had little impact on the daily emissions as they lasted for around 10 min for each chamber and occurred when the corresponding exhaust duct was not being sampled. Fluxes were calculated twice a day and then averaged to derive the 24-h emission value. Van Soest et al. (1991) using an Ankom220 Fiber Analyzer unit (Ankom Technology Corp., Macedon, NY) with α-amylase for NDF analysis in concentrate samples and both NDF and ADF were expressed exclusive of residual ash. Lignin was determined by solubilization of cellulose with 72% sulfuric acid. Free, protein-bound, and fi ber-bound condensed tannins were sequentially extracted using the procedure described by Perez-Maldonado and Norton (1996) . Condensed tannins from quebracho powder (Roy Wilson Dickson Ltd., Mold, UK) were used as a standard. The fat content in feedstuffs and feces was measured by extraction with petroleum ether (40 to 60°C boiling point). The energy content of the samples was determined by using an adiabatic calorimeter (model 1356; Parr Instruments Co., Moline, IL). Rumen content samples were also analyzed for total and individual VFA by gas chromatography using the method described by Isac et al. (1994) . The NH 3 -N concentration in rumen samples was determined by a colorimetric method (Weatherburn, 1967) . The abundances of total bacteria and methanogens in the rumen of goats were quantifi ed by using real-time PCR as described by RomeroHuelva et al. (2012) . For methane measurements the air stream in each duct of the chambers was subsampled, and methane concentration was measured continuously using a gas analyzer ADC MGA3000 (Spurling Works, Herts, UK). The PB concentration in feeds and TB pellets isolated from the rumen and the creatinine and PD in urine were determined according to Balcells and Guada (1992) using HPLC, which consisted of a multisolvent delivery system (model 510; Waters, Milford, MA), an injector (Waters 717 plus Autosampler; Waters), a multiwavelength detector (model 481, Lambda-Max, LC Spectrophotometer; Waters; set to 205 nm), and a double 4.0 by 250 mm C18 ODS-2 analytical column (Waters Spherisorb). The PB and PD were quantifi ed by peak integration using the Waters HPLC systems software Millenium32.
Chemical Analyses

Calculations and Statistical Analyses
The apparent nutrient digestibility was calculated from nutrient intakes and losses in feces. The N and energy balances were obtained taking into account the urinary and fecal N and energy losses and the energy in methane produced (0.890 MJ/mol of methane; Newbold et al., 2007) . The PB daily fl ow was calculated as daily PD urine excretion/PB recovery rate estimated as 0.76 by Belenguer et al. (2002) . The microbial N fl ow (MNF) was estimated from PB daily fl ow and PB:N ratios in the TB pellet for each dietary treatment. The effi ciency of microbial N synthesis was expressed per kilogram of OM apparently fermented in the rumen, calculated as 0.65 of digestible OM intake (ARC, 1984) . The fl ux of methane for each chamber was calculated for the last 2 d of measurement period from the fresh-air intake and chamber exhaust concentrations and mean air fl ow (L/min).
The Statistical Package for the Social Sciences (SPSS; SPSS Inc., Chicago, IL) was used for data entry and statistical analysis. Data were analyzed by GLM using the repeated measures ANOVA by using a 4 × 4 Latin square design. Diet was considered as fi xed effect, and period and animal were considered as random effects. When a signifi cant effect of diet was found, post hoc comparison of means was made using the least signifi cant difference test, α c = 1 -(1 -α) k , in which α c is the comparison wise error rate, α is the signifi cance level, and k is the number of comparisons performed. Differences were considered signifi cant at P < 0.05.
RESULTS
The intake of FB was different (P < 0.001) depending on ingredients composition (Table 3) . Fat intake was greater (P = 0.001) for AC goats relative to ACT, ACC, and ACB. Total and alfalfa hay DMI were not affected (P ≥ 0.61) by the inclusion of FB in the diet, resulting in similar (P ≥ 0.07) total intakes of OM, CP, NDF and ADF. Apparent digestibility of DM (P = 0.02) and OM (P = 0.02) decreased for diets including tomato and cucumber-based FB with no difference between AC and ACB. The apparent digestibility of fat decreased (P = 0.05) in animals fed diets including tomato and barleybased FB with no difference between AC and ACC. The apparent digestibility of CP, NDF, and ADF was similar for all the studied diets.
Goat BW and metabolic BW did not change with the dietary treatment (Table 4) . Compared with AC and ACC the N intake (P = 0.04), digestible (P = 0.05), and retention (P = 0.03) were lower for ACB, but N in feces and urine were not different. Digestible N (% of N intake) was not affected by treatments; however, N retention (% of digestible N) was less (P = 0.04) for barleybased FB relative to AC.
Total energy intake, energy in urine, and ME were not different (P ≥ 0.08) among diets. However, fecal energy (P = 0.04) and DE intake (P = 0.02) were less for ACB relative to AC. Energy in methane decreased (P = 0.03) in ACT compared with AC, ACC, and ACB. The energy use of DE (P = 0.08) and ME (P = 0.05) was similar for all the diets although the percentage of ME in DE was less (P = 0.04) for ACC compared with ACT.
Bacterial pellets showed similar DM (P = 0.86) and N (P = 0.77) contents with the different diets ( Table 5 ).
The average values of adenine in pellets were greater (P < 0.001) with ACT relative to AC, ACC, and ACB. On the contrary guanine content was less (P = 0.02) for ACC relative to the other diets. Total PB values were less for ACC and greater for ACT in comparison with the other diets (P = 0.03). The PB:N ratios were less (P = 0.02) for diet ACC in comparison with the other studied diets. The urinary excretion of creatinine was similar (P = 0.09) for goats fed the different diets. Allantoin (P = 0.05), total PD (P = 0.04), and MNF (P = 0.03) were less for goats fed diet ACT in comparison with AC, ACC, and ACB.
Hypoxanthine (P = 0.03) and uric acid (P = 0.03) were decreased for ACT and ACC goats than AC and ACB. On the contrary, xanthine and effi ciency of microbial protein synthesis were not affected by the dietary treatment.
Methane emissions, expressed as grams per day, kilograms BW, kilograms DMI, or kilograms digestible organic matter intake (DOMI), was reduced (P ≤ 0.03) with the inclusion in diet of tomato-based FB (Table 6 ).
The average values for pH and ammonia concentration were similar for goats fed the different diets. Diets including tomato and cucumber-based FB led to greater VFA concentration (P = 0.001) and decreased butyrate molar proportion (P = 0.002) in the rumen without affecting molar proportions of acetate, isovalerate, and valerate. Goats fed AC, ACB, and ACT diets showed the lowest (P ≤ 0.02) molar proportions of propionate, isobutyrate, and butyrate, respectively. The acetate to propionate ratio showed the lowest (P < 0.001) values in animals fed diets ACT and ACB.
The abundance of total bacteria was not affected by diet; however, the abundance of methanogens was greater (P = 0.01) in animals fed diets ACT and ACC in comparison with those fed diets AC and ACB. 
DISCUSSION
In the present work, FB used did not reduce total and alfalfa hay intake, suggesting the absence of substitution effect in agreement to Ben Salem et al. (2000) who did not observe changes in the intake of straw by replacing a part or the concentrate with FB. Overall, FB intakes were markedly low with ACB diet. The average daily intakes of FB in the present study varied depending on their composition from 144 to 203 g·goat -1 ·d -1 , which is similar to intakes reported by Molina-Alcaide et al. (2009) in cannulated goats fed diets including FB based on crude 2-stage olive cake but less than reported by Ben Salem and Znaidi (2008) in lambs for which diets included tomato pulp and olive cake-based FB. The variability in block intakes in sheep and goats may rely on FB formulation and other factors such as animal physiological state or breed (Sansoucy, 1986) . Taking into account the amount of cereals included in the concentrate and in FB used in the present work, the average intakes, and the cost of diet ingredients, a reduction of 32% in feeding cost may be achieved with FB containing diets in agreement with others (El Hag et al., 2002; Molina-Alcaide et al., 2010) .
Besides differences on chemical composition between experimental diets, we only observed a reduction in OM, DM, and fat digestibilities when FB were includ- 5 DE = energy intake -fecal energy. 6 Methane energy = 0.890 MJ/mol of CH 4 (Newbold et al., 2007) .
7 ME = digestible energy -urine energy -methane energy. ed. Our results agree with Ben Salem and Znaidi (2008) who noted that partial replacement of concentrate with either olive cake or tomato pulp-based FB decreased DM and OM digestibility in Barbarine lambs. In addition, it is generally accepted that increased concentrate in ruminant diets leads to greater DM and OM digestibility (Molina-Alcaide et al., 2000) . In this experiment, the lack of differences in fi ber digestibility in goats fed FB may be explained by both pH values and total bacteria abundance in the rumen. The CP apparent digestibility observed in goats fed diets containing wastes fruitsbased FB was greater than reported in Awassi sheep fed diets containing 34% of tomato pomace or olive cake (Abbeddou et al., 2011) . The inclusion of wastes from greenhouse horticulture in FB did not compromise either N intake or use but decreased N retention by up to 29% compared with AC and ACB. The N excretion in urine was also decreased, which has important environmental implications (Greenwood et al., 2012) . Differences in the N quality between the 3 types of FB could infl uence N retention and excretion. The N retention observed in the present study was similar to values reported by others in goats fed at maintenance level (Fujita et al., 2006; Yáñez-Ruiz and Molina-Alcaide, 2007) . Digestible energy decreased with barley-based FB compared with AC, which agrees with previous observations (Islam et al., 2000; TovarLuna et al., 2007) . However, ME was similar for all the dietary treatments, due to greater energy losses in feces of animals producing less methane than in animals with more methane emissions. Therefore, the energy saved in goats fed tomato-based FB through the reduction of methane synthesis in the rumen was not fully exploited by the animal but lost in feces.
Creatinine excretion varied from 242 to 311 μmol/kg BW 0.75 , which was within the range of values reported for goats fed at maintenance level by Belenguer et al. (2002) . In the current study, goats receiving FB excreted less PD (0.81 times) than those receiving AC. Our values for total urinary PD excretion in animals fed the experimental diets were lower than those obtained by Belenguer et al. (2002) in Granadina goats fed alfalfa hay at maintenance level (701 μmol PD/kg BW 0.75 ). Additionally, high concentrate diet (AC) led to greater OM digestibility than diets including FB, supporting the relationship between urinary PD excretion and DOMI reported by Chen et al. (1992) . Diets including tomato-based FB decreased MNF (23, 25, and 20% compared with diets AC, ACC, and ACB, respectively). Furthermore, low availability of protein and nutritive value has been reported for tomato by Ventura et al. (2009) . Although MNF relies on the synchronized supply of N and energy to microorganisms (Bach et al., 2005) , other factors such as energy and N quality in the 3 types of FB could infl uence digestibility, total N, and energy use. High variability in MNF and effi ciency of microbial protein synthesis in the rumen has been reported and associated with both the bacterial pellet used as reference to estimate MNF and the method used to isolate pellets MolinaAlcaide et al., 2009) . The average values of PB:N ratio (0.80 μmol/mg) in bacterial pellet used for estimating MNF in the present work were less than those obtained by Belenguer et al. (2002) in goats fed alfalfa hay at maintenance level (1.92 μmol/mg). However, they are in the range of values obtained in liquid and solid-associat- ed bacteria by Molina-Alcaide et al. (2009, 2010) . These differences in the PB:N values underlines the need for these variables to be analyzed directly in pellets isolated from specifi c animals and experimental conditions as suggested by Cantalapiedra-Hijar et al. (2009) . Our results could support the statement of Obispo and Dehority (1999) concerning the association between changes in PB concentration in bacterial pellets and the presence of different bacterial species with different growth rates as diets promoting differences in PB content in pellets did not affect the abundance of total bacteria. Although pH was not affected by diet, VFA concentration in the rumen of goats fed tomato-or cucumberbased FB were greater than those obtained in goats fed diets AC and ACB. The lack of correlation between pH values and VFA concentration agrees with observations of other authors (Busquet et al., 2005; CantalapiedraHijar et al., 2009) . The level of concentrate (Zebeli et al., 2008) and the buffer properties attributed to leguminous forages, such as alfalfa (Dixon and Stockdale, 1999) , could contribute to the lack of variations in rumen pH with dietary treatments in the present work. Total VFA concentration in the rumen of goats was within the range of values previously reported for Granadina goats fed diets based on alfalfa hay (Molina-Alcaide et al., 2000) and greater than values found in goats fed olive cake-based FB . The decreased VFA concentration in the rumen of goats fed barley-based FB may be due to decreased intakes compared with the other tested diets. Additionally, the decreased DOMI and greater VFA concentration found in goats fed diets ACT and ACC may indicate differences in ruminal microbial composition and/or rate of VFA production, absorption, and digesta passage rate compared with diets AC and ACB (Ranilla et al., 2001; Tsiplakou et al., 2011) . The concentrate replacement with FB in diets decreased butyrate molar proportions. In agreement, Getachew (2004) observed a positive correlation between the level of nonstructural carbohydrate in diet and butyrate production, which probably promoted increased concentration and/or activity of butyrate-producing bacteria (Carro and Ranilla, 2003) . Isobutyrate and isovalerate molar proportions, which arise from the degradation of dietary valine and leucine, respectively, by ruminal bacteria (Vlaeminck et al., 2006) , were markedly reduced in goats fed ACB diet. Rumen concentrations of NH 3 -N were similar for all the experimental diets and greater than values reported by Gasmiboubaker et al. (2006) in grazing goats fed a diet containing urea-molasses FB.
Interest is increasing in the study of antimethanogenic compounds to reduce livestock greenhouse gas emissions and improve the effi ciency of energy use in ruminants. Methane reduction may be a result of different processes: decreasing OM fermentation in the rumen and increasing OM fermentation in the intestine, diverting hydrogen away from CH 4 production, and inhibition of microbial activity or optimization of rumen fermentation, decreasing methane emission per unit of OM digested Martín et al., 2010) . No information is available regarding the effect of agricultural byproducts and waste-based FB on methane emissions. In our experiment, the inclusion of FB in goat diets had an antimethanogenic effect. Therefore, diet including tomato-based FB decreased methane emission (g/ kg DOMI) by 28% compared with diets AC, ACC, and ACB. Feed blocks including tomato fruit wastes might have and added value derived from the presence of polyphenols (19.9 g/kg DM of total condensed tannins) or other plant secondary compounds that could act as natural safe antimethanogenics alternative to the chemical ones as suggested by Patra and Saxena (2010) . It could explain how tomato and cucumber-based blocks with similar tannins content had different effects on methanogenesis. The results of the present study could support previous speculations concerning the association between the antimethanogenic effect of plant secondary compounds and their molecular structure and weight together with chemical composition of diets (Newbold et al., 2004; Vasta et al., 2009) as tomato and cucumber based blocks have similar tannins contents but different effect on methanogenesis. The reduction in methane emissions found in goats fed tomato-based FB was accompanied by increased propionate molar proportions, which could act as an alternative hydrogen sink (McAllister and Newbold, 2008) . Pyruvate is reduced to propionate in a 2-multistep pathway that results in less hydrogen production and hence decreased methane synthesis (Janssen, 2010 ). An additional advantage of the strategy involving the replacement of 50% of concentrate with FB including tomato rely on the lack of effect on DMI that decreased with other antimethanogenic strategies (Beauchemin et al., 2008) . However, the reduction in methane emissions observed with ACT was also associated with reduced organic matter digestibility (Tiemann et al., 2008; . The average values for methane emissions (g/kg DMI) with diets including tomato-based FB were in the line of those obtained in goats treated with bromochloromethane with proved antimethanogenic activity (Abecia et al., 2012) . Information concerning the relationship between the reduction in methane emissions and the abundance of methanogens is inconsistent although most part of the works did not report any relationship (Machmüller et al., 2003) . It has been hypothesized that, rather than the abundance of methanogens, the species composition of the Archaea community drives the synthesis of methane in the rumen , but it still remains unknown which genera or species of Archaea are most involved in ruminal methane production. Moreover, differences observed in the rumen VFA profi le, BP:N ratios, MNF, and microbial abundances may rely on differences on the structure of the rumen microbial population (Obispo and Dehority, 1999) .
In conclusion, the replacement of 50% of concentrate in diets based on alfalfa hay for nonproductive goats with FB including wastes of tomato or cucumber fruits decreased feeding cost and did not compromise energy digestive and metabolic use but reduced N retention by up to 29%. A better fermentation pattern and increased abundances on methanogenic Archaea was promoted in the rumen of goats supplemented with wastes-based FB. Diet including tomato-based FB decreased MNF without affecting the effi ciency of synthesis but it decreased methane emission (g/kg DOMI) by 28% compared with the other studied diets. This dietary approach involves the use of agricultural by-products and reduced methane emissions that represents advantages against approaches using antibiotics or other chemicals potentially harmful to the animal or the environment. Further research is needed to improve both N and energy use of diets including tomato-and cucumber-based FB.
LITERATURE CITED
